WUl oK 2E e i (B 2% ) 2026 4F 7 H
JOURNAL OF ZHEJIANG UNIVERSITY (MEDICAL SCIENCES) July 2026

Open Access DOI1:10.3724/zdxbyxb-2025-0929

BT - L AR

MU R — 15676 v G K Bl Bl 52 e
B2 5 RGBS

WL B, TA W, BRI, 5 A

. B EERAFE—WEERZIEEFFA,ILHE %N 341000
2. BEERAFE —EAKEFR, LT # M 341000
3.EBERA¥E —MWEE RN MDA, TE %M 341000

(8 E] a6 KAREHAZKER (LCBLE) 3 #5578 K R md 2 b 69 7
EAVER BRI A K ER G Hem, SE T B LT aE e E A ALE . F ek, KRRAM
WA= G st 4L LCBLE %t B 48 A2 A9 st P 40 F= LCBLE 74 J7 48, LCBLE %F &40
Fo2 LCBLE 74 77 40 T # St ym ¥ a7 £ 45 7 d 3 § LCBLE, & & s} 18 20 An AL A ) B 20
TEARAR AT R F 8 RAR 3t 4L A LCBLE & 77 4 2 At R AL . Jaaml &
A K RAZ SRR AR TR A EF R BRI I8 R R 36 fe i K BT flh
7 g s B 45 6% & (I-FABP) (SLBR YL & 346 D-FLER & X3R4 m A&  h K
AP F IR DB LR IREFAG T AR5 A RS EFAE N 4 LR
PRZEBEEOR EESHEERE EHEEUEL Y LR MR RIBEN A
16S rRNA | 5 f A7 By i A BF 0G4 s An 5 M A, 4 R, B AR 3 IR 4R B4R, LCBLE
8 IT LT B ARAZ S AR IR [ A A (43.2120.33) ‘C A= (42.03+£0.43)°C, P<0.01] . 4 iR
%ﬁTF&[’\SI 7 (286.68+12.61)g#2(307.76+11.29) g, P<0.05 ] 4% & 7 & & (431
#55.6% F2 77.8%, P<0.05) ; LCBLE 74 77 48 on i ¥ g2 B -F (I 98 37 58 B F o 1L-6.
IL-1B) 7K -F B AK.(35 P<0.01) , 1 i B [ o) &6 [ A3 48 & 46 4% D-3LBR \I-FABP. R &%
K IR AR (35 P<0.05) , B 57 B 40 2R 9% 32 45340 i 52 L3R 4~ T (35 P<0.01) , B Bt ik
ATHEMARPEZEEEZTO(REEBTI I MGEG )R LEBEEFRER
25 bk 28 AR p s R M 16S tTRNA M 5 277 , LCBLE T4 & K S iE A 2%
AW EA SUAT A B oAt F B, 4 4 LCBLE TR M 25 25 7T BC& i K R
Wi R A G KRG, AR TR S R i e Ak AT E AR X

[ R | A W ZBE R SUE R Il B s A KR

Wk H I (Received) :2025-12-13 B HR 7] H 3 (Revised) :2026-02-04 52 H I (Accepted) :2026-05-29 W25 k& &
H #(Online) :2026-07-02

E £ T B (Funding) . 7T E HFTRHAH AR I H (GJ12201458) 5 T.PH A DA fRHEZ AL 1151 (202410346) 5 51 i
BRI H (GZ202378F132)

£ —{E#& (First author ) ;7T , 36 B, 322 S5 AR 1 18 45 3 B WF 52 5 E-mail : 1030302544@qq.com; ORCID :
0000-0002-6950-8481

@15 1E& (Corresponding author ) i HE4E , FIA B, 322 SR I B 5 WL 5T 5 E-mail : 1210697387@qq.com;
ORCID :0009-0008-1945-6880



T, 45 OUBEHT B —HR3% 1 et PR S A B AT 32 1 % 4 B JRAE 10 03 R BL I 5

+ 603 -

[HESES | R59%4.1 [ SCHERFRERD | A

Mechanisms of live combined Bifidobacterium, Lactobacillus
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[ Abstract | Objective: To investigate the ameliorative effects of live combined
Bifidobacterium, Lactobacillus and Enterococcus (LCBLE) preparation on heat tolerance
and systemic inflammatory injury in rats with heat stroke, and to explore its underlying
mechanisms. Methods: Rats were randomly divided into blank control, LCBLE control,
model control, and LCBLE treatment groups. Rats in the LCBLE control and LCBLE
treatment groups were administered LCBLE by gavage for 7 consecutive days prior to
heat stroke modeling, while those in the blank control and model control groups received
an equal volume of physiological saline. On day 8, heat stroke was induced in the model
control and LCBLE treatment groups. Core body temperature, body weight and survival
rate were monitored. Serum levels of inflammatory factors and intestinal fatty acid-
binding protein (I-FABP) were measured by enzyme-linked immunosorbent assay;
D-lactate levels were detected by lactate colorimetry; endotoxin levels were measured by
limulus amebocyte lysate test; histopathological morphology of intestinal tissues was
observed by hematoxylin-eosin staining and scored; tight junction proteins and E-cadherin
in colonic tissues were localized by immunofluorescence staining; colonic epithelial
ultrastructure was observed by transmission electron microscope; and the composition
and structural characteristics of the intestinal flora were analyzed by 16S rRNA sequencing.
Results: Compared with the model control group, LCBLE treatment significantly reduced
peak core body temperature [(43.21£0.33) °C vs. (42.03+£0.43) °C, P<0.01], attenuated
weight loss [(286.68+12.61) g vs. (307.76+11.29) g, P<0.05 ], and improved survival rate
(55.6% vs. 77.8%, P<0.05). Furthermore, serum levels of tumor necrosis factor-a, IL-6,
and IL-1B were significantly reduced in the LCBLE treatment group (all P<0.01);
indicators of intestinal barrier dysfunction, including D-lactate, I-FABP, and endotoxin,
were also significantly decreased (all P<0.05); histopathological injury in various intestinal
segments was alleviated, with reduced injury scores (all P<0.01), and the expression of
tight junction proteins (zonula occludens protein 1, occludin), and E-cadherin as well as
the ultrastructural integrity of colonic epithelium were restored. 16S rRNA sequencing
revealed that LCBLE significantly increased the relative abundances of Bifidobacterium

and Lactobacillus in the gut. Conclusion: Prophylactic administration of LCBLE improves
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heat tolerance and alleviates systemic inflammatory injury in heat stroke rats, likely through

maintaining intestinal barrier integrity and regulating gut microbiota.
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Heat stroke; Live combined Bifidobacterium, Lactobacillus and Entero-

coccus; Inflammatory reaction; Intestinal barrier; Intestinal flora; Rats
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[ G5H81E ] WHAFH =% % A (live combined Bifidobacterium, Lactobacillus and
Enterococcus , LCBLE) ; # B ¥ kB (nuclear factor kB, NF-kB) ; & 55 £ 4% & 1 (zonula
occludens protein 1,Z0-1) ; 34 5% 4 5 & # (enhanced chemiluminescence, ECL) ; A
J& 338 B F o (tumor necrosis factor-o, TNF-av) 5 B B& %, 9% 2R 3K 36 (enzyme-linked
immunosorbent assay, ELISA) ; B & fig By B2 25 &% & (intestinal fatty acid-binding
protein, I-FABP) ; =&k F 2 7% (bicinchoninic acid assay, BCA) ; #% ¥ 4k 4 45 4 B2
(ribosomal ribonucleic acid, rRNA) ; 28 4B 4% RN (polymerase chain reaction, PCR) ;
T AR AF 4742 4 &, (hematoxylin and eosin staining, HE 4 &,) ;4',6- =K 2k -2- 38 JL v
% (4, 6-diamidino-2-phenylindole , DAPI) ; i& 5 4 % 3 5T, (operational taxonomic unit,
OTU) ; £ # 4% £ #7 (principal coordinates analysis, PCoA) ; 3F & & % 4 R E 5 #7

(non-metric multidimensional scaling, NMDS)
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£ (50-650H) A 5 [H Lonza 23 H] 7= iy ; BCA 2
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JEM-1400 Plus 1% 5 H1 8% . Gatan Orius SC200 CCD
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1.3 ARACREFIRAE

WAL S 3 h, SR HBHE B A FE R R O
JUE 25 3R I, 1000xg 50> 15 min, L7 T —80 °C
PRAF & s O i Rl B W I 2 i 8

BT 4% 2 5 W b e T e B0 SR U
1 mm3%5 21 20, 48 2.5% I /% T 4 “CIE & L)
i LGS E AS 1  RAE G I 288 T
RS ARG T — 80 "CIRAE
1.4 ELISA BEAG I LT 4 5E X F1 -FABP
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Figure 1 Twenty-four-hour Kaplan-Meier survival

curves of the model control group and LCBLE

treatment group after heat stroke induction

(n=36)

R AU SAE P 7K gL
Table 1 Serum levels of inflammatory factors in each group

(pg/mL,x+s, n=8)

41
25 % B AL
LCBLE X} 41
AR I 2
LCBLE AT 40

TNF-o IL-6 IL-1B8
6.33+2.47

1.48+0.19 4.12+1.92

1.300.35 3214124 7.59+1.65
3.25:0.457%  42.80+6.93"" 34.48+3.89"

1.92+0.274%  19.88+2.14%% 24.97+1.16%%

23 AL L, T P<0.01; 5 LCBLE X B4 He %, *P<
0.01; SHIHINT BRZH LL#% , “ 2 P<0.01. LCBLE : XUE AT B = BRIE 1
TNF-oc: IR R F .
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GPE DRI Y 45 R BR , 25 X R AL
LCBLE Xf 40 45 i 20 2 b % i B2 3R 11 (20-1
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Figure 2 Hematoxylin and eosin staining results of rat intestinal tissues in each group
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Table 2 Comparison of intestinal tissue pathological injury scores among
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i %= W o _— Bz, WK 4,
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5 90 Y6 B 2 1l 55 D-SFL L 1-

LCBLEXFMRZL 0.83:041  0.67:052 101063 083041 AL IRALIN 3T D-FLIR 1-FABP Fl 4 75

M7 A 2 =n 3 .
BRG] 8.50+1.057% 9.50+1.057 §.83:0.757" 9.83+0.757 KP4 48 5 TH R (4 P<0.01) ; LCBLE

LCBLEJ&YF4  1.83+0.75%% 1.3320.82°° 3.01+0.61%% 2.02+0.63%%
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B A3 AH G bR Tt 5 s LCBLE AT U8 &2 I i 4544
P05 4R i 5 B o B NS5 A8 e T RE R THI
A T I A i 1 5 B AT



-+ 608 - WIT R 2 (R /7)) Journal of Zhejiang University(Medical Sciences )

25 A R LCBLEX EZH

Z0-1

LR

Vo

25 FOM B

FELTR0 2
Wi 3

25 U BRZURI LCBLE X JRA1 Z0-1(£00) AR (460 | L A5 3 (B (0) 9t i i 4 |

LCBLEJRYTA

25 FIXF BRZH A LCBLE X BREH S5 - B ZH U B AR 2 5, SR I He 4 M 52

LCBLERT4

PR R
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Figure 3 Immunofluorescence staining of tight junction proteins and E-cadherin in colonic tissue in each group

20 AR X BB 2 Y Chaol 48 %X
H1 Simpson 5 %434 o AL T 25
1 X% BB 21 (14 P<0.05) . PCoA
FINMDS 43 Hr 7R, 25 F X6 R
M5 HA AR
43 8 (R=0.2760, P=0.001) , H.
LCBLE #9741 5 LCBLE X} &
HE MM rES., W

R B I BB TR L B, SR MR A A AN TR UG BT, IS A 5 45

5 LCBLEWRYT ML BV S R % 245 i 15 3 W B &2 . A7 R =1.0 pm. LCBLE:

KUBCHT A =I5 T s MV : SR 5 T) - R e e
B4 SAL N b HSUR S

Figure 4 Ultrastructure of colonic epithelial tissue in each group

2.4 LCBLE T BIRY RU7 8 B HESS 14

X VALK B 20 7 ZE AR AT 16S rRNA I 7
FEHRAT 1 533 193 25007 7 Be (Reads) , i HH
$K15 1 424 048 4% Clean Reads (HiFrAc=>42 279,
SEHIT71202) . T OTU K-y 4 LR 75 DU 28
L5213 578 OTU, Horr 2 (X B4 \LCBLE X i
2] BRI R 41 R LCBLE YA Y7 414 WA 2616,
482.,1428.396 1~ OTU. il P i F¢ fil £ HiF 52
WP E L . o ZFEPES T R, LCBLE X #8

MEE 1.
1AL R RE TR
( Firmicutes) JUFT 5] ( Bacteroi-
dota) ZIEH ] (Proteobacteria)
AR R 1] (Desulfobacterota )
8 Jm KOV L B R R AU AT B & (Bifidobacte-
rium) FUFT & (Lactobacillus ) JHERTE & (Entero-
coccus) FNIUAT 14 J& (Bacteroides) 55 . 575 X} I
ZH HEHE , LCBLE X B AL A LT 121 1) A AE T 1R 1) AH
Xof A2 TR, JERRE TR T ARG = B2 R AT s AU AT 147 &
FFLAT B AR B WA i, LCBLE JAY7 4
5 LCBLE X i 41 75 Ji 18 TR R E &5 48 B oK WL g 22
Sto SR R IREHAE T K E 28k
LCBLE X LI 4 A S, ELIGAR B 1 DA 4 3 1
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Table 3 Intestinal barrier dysfunction indicators in each

group
(x+s,n=8)
g 9l D-FLW I-FABP WEER
(mmol/L) (pg/mL) (EU/mL)
EHMA 0.203+0.024 192+36 0.105+0.012
LCBLEXIHRZ]  0.206+0.041 23650 0.116+0.025
FERIGEIRA]  0.71240.093"% 75441947 0.816+0.084"*
LCBLEJAIT4H  0.307+0.036°% 375+73%  0.563+0.095°%

Hzs x4 B, T P<0.01; 5 LCBLE X R4 He 4%, #P<
0.01; SRR A2 H 4%, 2 P<0.05, 22 P<0.01. LCBLE : XU KT 1
SHRTG TR T-FABP i RIS B R 45 A 1 .

FIE . ULBH P 2.
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3 it i
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Z BN s BAE T . H R H A B AL
il 2B B W R AR s — R e il EL RO A A B
SR TIRE , IR MRS 5K 51 A P I Bk L R
AL PIHE LR S B S ES E R iR A
R EZR AR e e, R 55 , Hom 1
IR P el X afe i kAR RURR, DT S0 RS e
R LT I8 D RE WA A
T BRLE A v 7 1 R A €, ] RS PO K
JEBIRZ L RS 2R A B, I E AL
AU B 1 e 2 A B b B A T IR R
W A A MR FRIK AR, S BU I B B
LS, A B N T R BEA MR R, 51 S
HRIAE LIV

LRI, B0 B B B IR R AT A R 1 2 )
FIR - 0y B kIR RGP AN A, 25 ) T PR o —
SE LA BT 22 g B A5 b A, RGE NI ZR A B 4F
PSP S5 AR AT T ST BE R PR R R
B A O B I SR LA R A i R TR SO A4
ESIR R e N I BB OR LR EY 7/ NE s 1 DL 7B

J B D) RE & FE PRI R0N , 22T 5 E 52 B k3
Jo 30 R R O A R i T S A 2 A A S
F LCBLE S —Fh & 5 25 A B R 2B
A3 AL FE BB AT T g TR FLAT DA RN 28 B 3R B 55
B B2, CERIR B2z T iE w
FEA AR RS . ABFSE WoR , LCBLE 5B
o5 245 M A A T U A A 4 B 4 B R RE
N, FEARAZ O AR TR N AE T 256, A8 2504 T3 K
BT A7 4, () B 2 i o WU AT B L LT B
B A AT 2 R AR 2 B, Sy R T B 4L T
iy

i 38 B B vh ML L2 | B RN A W) JoF o
B, FEr LA R R 9 R i R LR A E Y R
PG AR SCHE R N, PR A5 R 38 3
AR 05 b5 A 0 (D-FLER T-FABP) /KT 5, i
S B 375 M A B N B KO IR T TE SE A
AT 8 BB O X SRR R e T
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O H B R R4 s A 8 20-1
VA6 2 R b B 5 28 3R SRR KO i S RAIG, H B
TR W2 B R A M S IR R 42
LCBLE i 55 M 45 24 v b 8 b 3 85 o 3¢ 38 1 ik
B A , X 5 BRI T T oe TR AR T ]
A A A YT O AR S B A R e 47 1 A
FHZERI 28 b Ao B T 5 7 25 A4 B i 57
LCBLE X % %% % 422 85 (1 A0 45 8500, 3 4o 4 45 X
T R R S A LA /D 2 R N 7 R R A7, DUTR
Sk BH W B IR5 5 | 4 1 G481 493 , 7] Sk LCBLE £ 4
Ji 3B AT % B (%) 20T ML S AL B UE 4

i 38 5 B 0 IR 51 0 40 1 R PN 2 R RS A S
PG 5 & FR G0 M SRE IV 25 A IE Y E 2R
PRI e B R RE Jz I S 4 1 — 2B R AIRAIL AR 2
fiif 52 N MR AR 4540 o AR SCHE AL, BRI A5 AR
SR ¥ 02 R 1 40 B 7 (TNF-a  1L-6  1L-18) 7K
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AR F AT R T AU AL . — J5 1, LCBLE
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PR L R 7 2R T 0 3 e B R AP — 2 R T
ORI I A

o 3 TR AR S P 3 A ) o B 1) 2 L R
o3 518 FAERREE VIR G , IS AR E X 44
TE 5 R RE IR Y SR S A B B L
A SCHORH 7R, PR AT I 2 LK B 1 TR
S5 < JEERETR AR 42 B TH e U T T TAR X
AR, A T A BB B 1) AR X B 2 T
X b % Ay T BE A A 22 A R AR ) 4540 4] )R
BE TR [ FIALURF B 1] b 451 2 48 T R 5 B0 1 A
P AN EE NG DR ) 284k, 520 g b i A M i) 5
IR AR BRI RE Y BB B TR R
i B S Tl B S N EE R RN 2 A, oE
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B bR 20 AR A RE I Y, 4 R R R AR P
AE , 30 R TE S 1 5 i 1 B R R A R
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BT, AT 1 3 G AR ST A 3 i 1 1 5 B T
RE . (EASH T B, SME AN S LCBLE 7] i 3
$& T M 3 FLAT T 0 Bl = B, 76 R IR 3L
FETE Y & B AW — 2D B 5 ., 3X — IR 4 s A
S vl BEAE NS 2 0E LCBLE Hh#LAT I8
(1) 348 5 F1 52 AF RE 21 Jigp T TR D RS T
i 2R 4557 IXURS: F, SPLAF T s 3 e gk — 2 4R TR X
[ =0 @ R R R T G R s PO N e
JRAR7R LCBLE W] 838 2o Ji7 18 5 B {37 — B E AR
A~ B2 55 IR [ AL T 50 )7 IR , 33X — L 35 P
AR AP AR £ A= T 7 R i BR B T A AL
AL TR . A AR SCRORE R LCBLE Hil
B 1 25 245 91 A B e K BV I8 TR 19 o 2R,
Chaol F1 Simpson 5 £ 2 vl R T 25 H AT REA
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